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ABSTRACT
Isotopic ratios of heavy elements are a key signature of the nucleosynthesis processes in stellar interiors. The contribution
of successive generations of stars to the metal enrichment of the Universe is imprinted on the evolution of isotopic
ratios over time. We investigate the isotopic ratios of carbon, nitrogen, oxygen, and sulfur through millimeter molecular
absorption lines arising in the z=0.68 absorber toward the blazar B 0218+357. We find that these ratios differ from those
observed in the Galactic interstellar medium, but are remarkably close to those in the only other source at intermediate
redshift for which isotopic ratios have been measured to date, the z=0.89 absorber in front of PKS 1830−211. The
isotopic ratios in these two absorbers should reflect enrichment mostly from massive stars, and they are indeed close to
the values observed toward local starburst galaxies. Our measurements set constraints on nucleosynthesis and chemical
evolution models.
Key words. quasars: absorption lines – quasars: individual: B 0218+357 – galaxies: ISM – galaxies: abundances – ISM:
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1. Introduction
Isotopic ratios provide a powerful way to study the ori-
gin of elements and the chemical evolution of the Universe.
They can be measured to extremely high precision in the
lab, using mass spectrometry. However, this is limited to
physical samples such as presolar grains in meteorites and
solar wind particles. For any remote astronomical sources,
we must rely on spectroscopic analysis, with limits on an-
gular resolution, sensitivity, and knowledge of the physical
conditions. Here molecular lines are well suited, as differ-
ent isotopologues tend to be well separated in frequency.
Isotopic ratios of common elements like C, N, O, and S
have been measured in various sources in the Milky Way
(see, e.g., Wilson & Rood, 1994) and some nearby galaxies
(see, e.g., Omont, 2007).
To probe chemical evolution on a cosmological
timescale, we need observations at a range of redshifts. To
this end, studies of molecules in absorption toward distant
quasars have several advantages. There is no dilution by dis-
tance, hence this method can probe even rare isotopologues
at high redshift. Unfortunately, there are only a hand-
ful of distant radio molecular absorbers currently known
(Combes, 2008), mostly limited by the number density of
mm-bright quasars at high redshift (z>1), and the low
probability of chance alignment between molecular clouds
in a foreground galaxy and a background continuum source.
The only well-studied system to date is the z=0.89
molecular absorber (MA0.89) toward the lensed blazar
PKS1830−211. A large number of molecules have been de-
tected toward the SW line of sight, including a number of
isotopologues which allowed for the measurement of iso-
topic ratios of C, N, O, S, Si, Cl, and Ar (Muller et al.,
2006, 2011, 2014; Mu¨ller et al., 2015). Some of them were
found to be quite different from the ratios obtained in the
local interstellar medium (ISM), and consistent with the
idea that at a redshift of z=0.89 (implying a maximum age
of ≃ 6 Gyr) the interstellar gas has not been significantly
polluted by the nucleosynthesis products of low mass stars.
The only other similar molecular absorber known
to date is the zabs=0.68466 (heliocentric) absorber
toward the lensed blazar B 0218+357, discovered by
Wiklind & Combes (1995). This absorber (hereafter
MA0.68) has a maximum age of ≃ 7 Gyr, and appears
as a nearly face-on spiral (York et al., 2005). The lensing
produces two compact images (A and B) of the blazar
separated by 0.3′′, and an Einstein ring centered on im-
age B, as seen at radio wavelengths (Patnaik et al., 1993).
At mm wavelengths only the two compact images A and
B are detected, owing to the steep spectral index of the
Einstein ring. Molecular absorption is observed toward im-
age A only, and species such as CO, CS, HCO+, HCN, H2O,
NH3, and H2CO have been observed (Wiklind & Combes,
1995; Menten & Reid, 1996; Combes & Wiklind, 1997;
Henkel et al., 2005; Muller et al., 2007; Kanekar, 2011).
The absorbing gas is found to have a density of a few
102 cm−3 (Jethava et al., 2007) and a kinetic temper-
ature ∼50 K (Henkel et al., 2005), typical of Galactic
diffuse clouds. According to the model of the lens by
Wucknitz et al. (2004), the absorption occurs at about
2 kpc from the intervening galaxy center.
This paper presents observations of HCO+, HCN, CS,
H2S, and their isotopologues in MA0.68. This allows us,
1
Wallstro¨m et al.: Isotopic ratios toward B0218+357
for the first time, to estimate the isotopic ratios 12C/13C,
14N/15N, 16O/18O, 18O/17O, and 32S/34S in a second
molecular absorber at intermediate redshift, and to com-
pare them to the values found in MA0.89.
2. Observations
Observations were done in the 3mm band with the IRAM
Plateau de Bure Interferometer (PdBI) over different runs
between 2005 and 2008 (see the journal of the observations
in Table A.1). Each run lasted a few hours. The whole
project was run as a back-up time filler when observing con-
ditions were not good enough for regular imaging projects.
The bandpass response of the array was derived by
observations of a bright radio quasar, such as 3C454.3
or 3C84. The 3mm spectral lines of HCO+, HCN, CS,
and H2S, and their isotopologues were observed with
80 MHz-wide bands and ∼0.9 km s−1 velocity resolution.
Continuum bands 320 MHz wide, with a coarse spectral
resolution of 2.5 MHz, were used for calibration. The C2H
N=2–1 absorption was serendipitously detected in a con-
tinuum band.
All observations were taken in a compact configuration
(except one observing run in November 2005 during the
commissioning of a new very extended configuration of the
array, see Muller & Gue´lin 2008), and the two lensed im-
ages of B 0218+357, separated by 0.3′′ were not spatially re-
solved. The absolute flux scale was derived from MWC349
whenever it was observed, or unset otherwise. The target
visibilities were self-calibrated using a single point source
model. Before 2007, the spectra were observed in single po-
larization. The installation of a new generation of receivers
in 2007 allowed us to observe in dual polarization mode
with an increase in observing efficiency and sensitivity. The
resulting spectra were extracted directly from the averaged
visibilities, and normalized to the total continuum flux den-
sity of the blazar (i.e., IA+IB=1).
3. Analysis and results
3.1. Continuum illumination
The two lensed images of B 0218+357 cannot be spatially
resolved in our present data. We know, however, that
the molecular absorption occurs only in front of image A
(Menten & Reid, 1996; Muller et al., 2007). In order to con-
vert the line absorption depths to opacities, we need to
know the flux ratio RA/B=IA/IB between the two com-
pact lensed images of the blazar, and the covering factor of
source A, fc, for the absorbing gas.
The two images have been resolved in radio-cm ob-
servations, and their flux ratio changes with frequency
(Mittal et al., 2006). This is interpreted as the effect of
free-free absorption by some ionised material in the line
of sight (Mittal et al., 2007). During the commissioning
phase of a new very extended configuration of the PdBI
(Nov. 2005), Muller et al. (2007) estimated RA/B=4.2
+1.8
−1.0
at 105 GHz, in agreement with the measurement at 15 GHz
and model from Mittal et al. (2007). Mart´ı-Vidal & Muller
(2016) note, however, that during a VLA monitoring at
8 GHz and 15 GHz between 1996 October and 1997 January
(Biggs et al., 1999), the flux ratio RA/B showed significant
variations with time. These variations most likely result
Fig. 1: Measurements of the total flux density of
B 0218+357 (A+B images) in the 3mm band. The abso-
lute flux accuracy is expected to be of order 10–20%.
from intrinsic flux-density variations of the blazar modu-
lated by the time delay between the two lensed images.
In this model, even larger variations of the flux ratio can
happen at higher frequencies (i.e., at mm wavelengths),
such as those observed by Mart´ı-Vidal et al. (2013) toward
PKS1830−211. Nevertheless, the total mm flux density
variations of B 0218+357 between 2005–2008 (Fig.1) are
smooth and on a timescale much longer than the time delay
(10.5±0.4 days, Biggs et al. 1999), so that we do not expect
that this affects the conclusions of this paper.
3.2. Stability of the absorption profile
The lensing and absorber system toward B 0218+357 has
similar properties to the one toward PKS1830−211. After
the observations of drastic variations in the absorption line
profile toward PKS1830−211 over a timescale on the or-
der of a few months (see the discussion in Muller & Gue´lin
2008)1, we decided to monitor the absorption profile of
the HCO+ and HCN J=2–1 lines toward B0218+357. The
spectra, shown in Figs.A.1 and A.2, do not show absorp-
tion variations down to a few percent of the total continuum
level. We therefore averaged all the data of Table A.1 for
each species to obtain the final spectra presented in Fig. 2.
3.3. Absorption line profile
The absorption line profile is composed of two distinct fea-
tures, the main one around a velocity of +6 km s−1, and a
second weaker peak at −7 km s−1 (Fig. 2; the velocities
are given in the heliocentric frame, taking zabs=0.68466
from Wiklind & Combes 1995). The comparison of the
H12CO+ and H12CN J=2–1 line profiles with those of other
molecules, including their rare H13CO+ and H13CN iso-
topologues, suggests that they are saturated. Indeed, they
reach roughly the same absorption depth of ∼0.6 below
the total normalized continuum level, whereas the H13CO+
and H13CN absorptions only reach depths around 0.1. The
1The variations in the absorption profile toward PKS1830−211 are likely
due to the apparent highly superluminal motions (v ∼ 8c) of bright plas-
mons injected in the blazar’s jet, whose velocity is magnified by favorable
orientation of the jet close to the line of sight, by gravitational lensing,
and/or by secular precession of the jet.
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Fig. 2: Averaged spectra of the HCO+, HCN, CS, and H2S isotopologues. The velocity resolution is 0.9 km s
−1. The HCN
spectrum is slightly broadened by the hyperfine structure.
depth ratio of the −7 km s−1 to +6 km s−1 velocity com-
ponents is also much lower for H12CO+ and H12CN than
for other species, further implying that the main compo-
nent is saturated. The saturation of the HCN line gives
IA × fc=0.64 (the product IA × fc is degenerate in our
data), so if we adopt RA/B=4.2, this implies IA=0.81 and
fc=0.8. Furthermore, in the case of optically thin lines, the
uncertainties in RA/B and fc do not significantly affect line
opacity ratios. Hence, we convert the absorption spectra Iv
into opacity spectra:
τv = − ln
(
1−
Iv
IA × fc
)
(1)
with IA × fc=0.64.
To derive a common normalized line profile we select
all the lines that are optically thin with no hyperfine struc-
ture. We assume the same excitation, continuum illumina-
tion, fractional abundance, isotopic ratio, and source cov-
ering factor for all velocity components. The shape of the
absorption profile suggests that a set of three Gaussian
components (including a broad and a narrow feature for
the dominant +6 km s−1 component) already provides a
good solution. In Table 1 we give the best fit solution of
these three Gaussian components to the opacity spectra.
The residuals of this fit are shown in Fig. 3 and are within
the noise.
3.4. Isotopic ratios
The opacity spectra of the optically thin lines are shown
in Fig. 3; the fits are shown in red. The normalized profile
given in Table 1 was fit to each line with a scaling factor. For
Table 1: Decomposition of our adopted line profile into
Gaussian components. The areas are normalized to that
of the first component.
Gaussian v0 FWHM Area
(kms−1) (km s−1) (km s−1)
#1 6.176 (0.088) 8.479 (0.346) 1
#2 6.193 (0.039) 2.907 (0.151) 0.457 (0.063)
#3 −6.966 (0.118) 3.261 (0.279) 0.156 (0.013)
the H13CN and HC15N isotopologues, the hyperfine struc-
ture is also taken into account, with the relative strengths
expected when the sublevels are populated in proportion to
their statistical weights. From the derived integrated opac-
ities, we then calculate the column densities for the differ-
ent species in our data. Since the absorbing gas is rather
diffuse, we assume that collisional excitation is negligible
compared to excitation by cosmic microwave background
photons, hence that the excitation temperature is locked to
the cosmic microwave background (CMB) temperature of
4.6 K at z=0.68 (see Muller et al., 2013). The calculated
column densities are given in Table A.2 for species with
optically thin lines.
The column densities (Table A.2) and the resulting
abundance ratios become very uncertain when the line
opacities are large, which is the case for the main velocity
components of HCO+ and HCN main isotopomers, as dis-
cussed above. The difficulty may be removed by switching
to the rare 13C, 15N, and 18O isotopologues, or by consid-
ering only the satellite velocity component at −7 km s−1.
3
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The RHCN=[H
13CN]/[HC15N] and
RHCO+=[H
13CO+]/[HC18O+] ratios can be determined
with relatively good accuracy and should be free from
opacity effects. Their values are RHCN=3.0±0.5 and
RHCO+=2.1
+0.4
−0.3, where uncertainties are given at 1σ (68%
confidence level). While the former ratio RHCN is similar
to the double isotopic ratio 13C14N/12C15N=3.0 in the
solar system, RHCO+ is definitely smaller in MA0.68 than
in the solar system (5.5) or in the Milky Way ISM (&10;
see, e.g., Table 7 of Muller et al. 2006). Similarly, our
non-detection of the HC17O+ line yields a firm lower
limit HC18O+/HC17O+>7.5 (with a 3σ confidence level,
and neglecting the weakest HC18O+ component at −7
km s−1). This limit is definitely larger than the 18O/17O
isotopic ratio in the solar system (5.4; Lodders 2003) and
elsewhere in the Milky Way ISM (2.88 ± 0.11 near the
Galactic Center, 4.16± 0.09 across the Galactic disk out to
a Galactocentric distance of ∼ 10 kpc, and 5.03 ± 0.46 in
the outer Galaxy at Galactocentric distances of 16–17 kpc;
Wouterloot et al. 2008). Finally, the 32S/34S intensity
ratios for the CS and H2S isotopologues (combined value
8.1+1.4
−1.1) are both less than half the values of the
32S/34S
isotopic ratio observed in the solar system (22; Lodders
2003) or the general Milky Way ISM (≃20; Chin et al.
1996; Lucas & Liszt 1998).
The molecular isotopic ratios may be affected by
chemical fractionation (see Roueff et al. 2015 and refer-
ences therein). This is particularly the case for C-bearing
molecules and, to a lesser degree, N-bearing molecules in
cold clouds, where the abundance of the heavier 13C and
15N isotopologues may be enhanced relative to their main
12C and 14N counterparts. We note, however, that isotopic
fractionation, if present, would act to decrease the mea-
sured 12C/13C isotopic ratio and hence increase the dou-
ble ratio (16O/18O)/(12C/13C), relative to their true val-
ues. The true value of the double ratio would then be even
smaller than our measurement of RHCO+=2.1, and hence
more different from the solar system and Milky Way ratios.
As concerns the 12C/13C isotopic ratio, the opac-
ity ratio of the weak v=−7 km s−1 component yields
[H12CO+]/[H13CO+]=38±5, clearly smaller than the solar
system value of 89 and close to 12C/13C in MA0.89, but
may still be underestimated owing to fractionation.
Table 2: Isotopic ratios in MA0.68, and MA0.89.
Ratio MA0.68 MA0.89
H13CN / HC15N 3.0± 0.5 4.8± 0.2‡
H13CO+ / HC18O+ 2.1+0.4−0.3 2.15± 0.04
‡
HC18O+ / HC17O+ > 7.5 13± 3‡
CS / 34CS 7.9+1.6−1.4 10.4
+0.8
−0.7
†
H2S / H2
34S 8.6+2.4−1.7 8± 1.5
†
†Muller et al. (2006)
‡Averaged result from Muller et al. (2011)
We can also use the low resolution C2H N=2–
1 absorption profile (Fig. 4) to estimate the H2 col-
umn density, assuming that the relative [C2H]/[H2] and
[HCO+]/[H2] abundances are comparable to those in
Galactic diffuse clouds and in the MA0.89 NE absorption
component toward PKS1830−211 (Lucas & Liszt, 2000;
Muller et al., 2011). First of all, we note that the C2H
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Fig. 3: Opacity spectra in black, model fits in red, and the
residual (with some offset) in blue. In (a), hyperfine struc-
ture was taken into account in the fit. In (b), the spectrum
of HC17O+, a non-detection, is shown in green.
N=2–1 line absorption is weak, hence presumably opti-
cally thin, and that the relative intensities of the two
fine-structure components follow the local thermodynamic
equilibrium value. Taking [C2H]/[H2]=3×10
−8, we ob-
tain a total H2 column density of ∼10
22 cm−2. In turn,
we can roughly estimate a HCO+ column density of
∼3×1013 cm−2, using [HCO+]/[H2]=6×10
−9. Comparing
this value with that measured for H13CO+ yields a ratio
[HCO+]/[H13CO+]∼30, a value which is uncertain but sim-
ilar to that derived above for the v=−7 km s−1 component
and to the 12C/13 C ratio derived for MA0.89 SW from the
fit of two different rotational transitions of HCO+, HCN,
and HNC by Muller et al. 2011.
Adopting 12C/13C∼40, we obtain 14N/15N∼120 and
16O/18O∼80 from the double isotopologue ratios in Table 2.
4
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Fig. 4: Spectrum of the C2H N=2–1 absorption, with a
spectral resolution of 2.5 MHz. The spectrum follows the
relative strengths expected at local thermodynamic equi-
librium for optically thin hyperfine structure components.
4. Discussion
We compare our measurements in MA0.68 to the iso-
topic ratios observed in other sources, including MA0.89
(the molecular absorber at z=0.89 toward PKS1830−211),
nearby starburst galaxies, and Galactic sources. We also
compare them to model predictions by Kobayashi et al.
(2011) for the solar neighborhood, Galactic bulge, and thick
disk at different metallicities. These comparisons are shown
in Figs. 5, 6, and 7.
First, we emphasise that all measured isotopic ratios in
MA0.68 are similar to those found in MA0.89. This is in-
teresting because the two absorbers are not connected, but
have approximately the same look-back time of 6-7 Gyr,
and absorption occurs at a galactocentric radius of ∼2 kpc
in both. However, we do not have information about the
metallicities and star formation histories of these two ab-
sorbers.
We find that the isotopic ratios in MA0.68 and MA0.89
deviate significantly from the values measured in the solar
neighborhood. However, for 12C/13C in MA0.68 our esti-
mated value of∼40 is consistent with the values reported by
Savage et al. (2002) and Milam et al. (2005) at a galacto-
centric distance (DGC) of 2 kpc in the Milky Way. Between
2 kpc and 8 kpc, the 12C/13C ratio is found to increase
by a factor of ∼2 (Savage et al., 2002; Milam et al., 2005).
Similarly for 32S/34S, our value of 8.1 is consistent with
the values at DGC=2 kpc derived by Chin et al. (1996), as-
suming that the above mentioned galactocentric gradient in
12C/13C is valid. On the other hand, taking 12C/13C∼40
in MA0.68, we find ratios of ∼120 and 80 for 14N/15N and
16O/18O, respectively, which are lower than the correspond-
ing values in the Milky Way at DGC=2 kpc by a factor of
2–3 (Adande & Ziurys, 2012; Wilson & Rood, 1994).
For 18O/17O, our lower limit in MA0.68 and measure-
ment in MA0.89 are much larger than the remarkably
constant values observed in the Milky Way, including at
DGC=2 kpc (Wouterloot et al., 2008). Neither opacity, nor
fractionation are expected to affect the measurements of
18O/17O and the values should genuinely result from nu-
cleosynthetic history. Both oxygen ratios are indicative of
enrichment on short timescales as 18O is mainly produced
by He-burning in massive stars.
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Fig. 5: 16O/18O vs. 14N/15N ratios, both normalized by the
12C/13C ratio, for various astronomical sources. Our result
for MA0.68 is in red, as is MA0.89 (MA), starburst galaxies
are magenta stars (SB), Galactic sources are green triangles
(MW), and the predictions from chemical evolution models
in the solar neighborhood by Kobayashi et al. (2011) are
in blue and labeled as SX , where X denotes the metallicity
[Fe/H]. Their models for the bulge (B) and thick disk (TD),
also in blue, are for [Fe/H]=-0.5.
MA0.68: This work. MA0.89: Muller et al. (2011). NGC4945: Wang et al.
(2004). Arp 220: Wang et al. (2016); Martin et al. (2011). N113:
Chin et al. (1999b); Wang et al. (2009). IRC+10216: He et al. (2008).
MW clouds: Lucas & Liszt (1998). GC, local ISM: Wilson & Rood (1994).
Sun: Anders & Grevesse (1989).
The closest match for the ratios observed in MA0.68 and
MA0.89 are nearby starburst galaxies. We expect that both
are dominated by the products of massive stars: MA0.68
and MA0.89 because of their youth, and starburst galaxies
because they are actively forming stars, the most massive
of which will enrich the ISM the fastest. There are, how-
ever, large observational uncertainties and apparent source-
to-source variations in the mostly weak and very broad
line profiles of starburst galaxies. Furthermore, extragalac-
tic observations are often averaged over a larger area than
is sampled by the line of sight through MA0.68, making
detailed comparisons difficult.
It is interesting to compare our results in MA0.68 to
chemical evolution models, although there are very few
which report the abundances of different isotopes over time.
Hence, we consider the models by Kobayashi et al. (2011),
which attempt to reproduce the chemical evolution and
observed metallicity distribution in different parts of the
Milky Way: the solar neighborhood, bulge, and thick disk.
The models include enrichment from AGB stars, massive
evolved stars, core collapse supernovae (Type II SNe), and
single degenerate Type Ia SNe. They give isotopic abun-
dances at a few different metallicities, which correspond to
different epochs of enrichment. At [Fe/H] = −2.6, enrich-
ment is mainly from Type II SNe. At [Fe/H] = −1.1, AGB
stars start to enrich the ISM, along with Type II SNe. At
[Fe/H] = −0.5, there is enrichment from Type II SNe, AGB
stars, and Type Ia SNe. And [Fe/H] = 0 is the present so-
lar neighborhood. In Figs. 5, 6, and 7 the points from the
Kobayashi et al. (2011) solar neighborhood models are la-
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beled as SX , where X denotes the metallicity [Fe/H]. The
bulge model is labeled BX , and the thick disk model TDX .
Figure 5 shows the predicted 16O/18O and 14N/15N ra-
tios, both normalized by 12C/13C. In 14N/15N, MA0.68 falls
between the models S−2.6 and S−1.1. However, in
16O/18O
we see values lower than all model predictions. In the
18O/17O ratio we find a lower limit of 7.5 in MA0.68, con-
sistent only with the model S−2.6. This agrees with enrich-
ment mainly from Type II SNe as 18O is mainly produced
by He-burning in massive stars, while large amounts of 17O
are produced in AGB stars.
For the 32S/34S ratio our value for MA0.68 is much lower
than the models of Kobayashi et al. (2011) predict for all
metallicities. A possible source of the low 32S/34S ratio is
hypernovae, core collapse supernovae with explosion ener-
gies more than 10 times that of regular supernovae (i.e.,
>1052 ergs), which produce a lot of 34S. The fraction of hy-
pernovae is not well constrained, so Kobayashi et al. (2011)
assume a fraction of 0.5 for M > 20 M⊙. Hence the observed
low 32S/34S ratios might imply that hypernovae are more
common than assumed, at least in certain environments
such as MA0.68 and starburst galaxies.
5. Summary and conclusions
We present measurements of isotopic ratios of C, N, O,
and S elements in the z=0.68 molecular absorber toward
B 0218+357. To this end, we use several isotopologues of
HCO+, HCN, CS, and H2S. The analysis of the line profiles
helps us to constrain the continuum illumination and source
covering factor.
The 12C/13C, 14N/15N, and 16O/18O ratios are dif-
ficult to measure separately owing to opacity effects.
However, we obtain the robust and accurate double iso-
topic abundance ratios [H13CN]/[HC15N]=3.0 ± 0.5 and
[H13CO+]/[HC18O+]= 2.1+0.4
−0.3. Discarding possible frac-
tionation effects, these abundance ratios can be converted
into the 14N/15N and 16O/18O isotopic ratios normalized
to 12C/13C, respectively. Using chemical abundance argu-
ments, we argue that 12C/13C should be close to a value
of ∼40, implying 14N/15N∼120 and 16O/18O∼80, although
these ratios might be uncertain by a factor of a few. On the
other hand, we measure a remarkably low 32S/34S ratio of
8.1+1.4
−1.1 from optically thin lines of CS and H2S, and obtain
a large lower limit of 7.5 (3σ) for 18O/17O, from our non-
detection of HC17O+. The last two ratios are expected to
be free of opacity and fractionation effects.
All measured isotopic ratios in MA0.68 are similar
to those found in the z=0.89 molecular absorber toward
PKS1830−211, and they all differ from values in the solar
neighborhood. In 12C/13C and 32S/34S, the ratios found
in MA0.68 appear similar to those in the Milky Way
at the same galactocentric distance of 2 kpc. Both the
14N/15N and 16O/18O ratios seem to be significantly lower
in MA0.68, and the 18O/17O (3σ) lower limit is signifi-
cantly higher than ratios measured in the Milky Way. This
is indicative of enrichment mainly by massive stars, which
produce proportionately more 18O and 15N.
This work shows that redshifted molecular absorbers are
interesting targets to determine the evolution of isotopic
ratios, and hence the enrichment history of the interstellar
medium. However, the interpretation of the derived isotopic
ratios is hampered by the poor knowledge we have of, for
example, the location of the absorbing gas in the absorber,
the gas metallicity, and the star formation history.
The discovery of new molecular absorbers such as
PKS1830−211 and B 0218+357, hopefully at z>1, would
further constrain our knowledge of nucleosynthesis and
chemical evolution, as well as our understanding of the ori-
gin and evolution of the elements in the Universe.
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Appendix A: Appendix
Fig.A.1: Spectra of the HCO+ J=2–1 absorption toward
B 0218+357 at different epochs between 2005 and 2008.
Difference spectra are also shown with respect to the last
(and best signal-to-noise ratio) spectrum obtained on 2008
Sept 23.
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Fig.A.2: Spectra of the HCN J=2–1 absorption toward
B 0218+357 at different epochs between 2005 and 2008.
Difference spectra are also shown with respect to the last
(and best signal-to-noise ratio) spectrum obtained on 2008
Sept 23.
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Table A.1: Journal of PdBI observations toward B0218+357.
Date Observed species Note Total flux density
A+B (Jy)
2005 Jun. 28 HCO+ 0.37
2005 Jul. 04 HCN
2005 Aug. 01 H13CO+, H13CN 0.31
2005 Aug. 18 H13CO+, H13CN
2005 Aug. 28 H13CO+, H13CN
2005 Sep. 03 H13CO+, H13CN
2005 Sep. 06 H13CO+, H13CN
2005 Sep. 11 H13CO+, H13CN 0.45
2005 Nov. 08 HCO+ Ext. configuration
2006 Jul. 15 HCO+
2006 Jul. 16 H13CO+, HC17O+
2006 Jul. 19 H13CO+, HC17O+
2006 Jul. 22 H13CO+, HC17O+ 0.39
2006 Jul. 24 HC18O+ 0.44
2006 Aug. 02 H13CO+, HC17O+ 0.53
2006 Aug. 05 H13CO+, HC17O+
2006 Aug. 09 H13CO+, HC17O+
2006 Aug. 19 HCN 0.60
2006 Aug. 24 H13CN, HC15N 0.61
2006 Aug. 25 HC18O+
2006 Sep. 09 HC18O+
2006 Sep. 15 HC18O+ 0.54
2007 Feb. 20 C34S Dual pol.
2007 Feb. 28 C34S Dual pol.
2007 Mar. 01 C34S Dual pol.
2007 Mar. 08 C34S Dual pol.
2007 Mar. 10 C34S Dual pol. 0.63
2007 Mar. 15 C34S Dual pol.
2007 Mar. 16 C34S Dual pol. 0.57
2007 Mar. 23 HCO+, HCN Dual pol.
2007 Mar. 24 C34S Dual pol.
2007 Jul. 01 H13CO+, HC18O+, HC17O+
2007 Oct. 04 H13CO+, HC18O+, HC17O+ 0.54
2007 Oct. 05 H13CO+, HC18O+, HC17O+
2007 Oct. 20 H13CO+, H13CN, HC15N
2007 Dec. 06 H13CO+, H13CN, HC15N, H2S, H2
34S
2008 Jan. 09 H13CO+, H13CN, HC15N, H2S, H2
34S
2008 Feb. 21 CS Dual pol.
2008 Feb. 24 C34S Dual pol. 0.66
2008 Feb. 25 C34S Dual pol.
2008 Feb. 27 C34S Dual pol.
2008 Mar. 04 H13CO+, HC17O+, C2H Dual pol.
2008 Mar. 15 H13CO+, HC17O+, C2H Dual pol.
2008 Jun. 24 HCO+, HCN
2008 Jun. 26 H13CO+, H13CN, HC15N, H2S, H2
34S
2008 Jun. 27 H13CO+, H13CN, HC15N, H2S, H2
34S
2008 Jul. 01 H13CO+, H13CN, HC15N, H2S, H2
34S 0.54
2008 Jul. 11 H13CO+, H13CN, HC15N, H2S, H2
34S 0.60
2008 Jul. 12 H13CO+, H13CN, HC15N, H2S, H2
34S
2008 Jul. 29 H13CO+, H13CN, HC15N Dual pol. 0.63
2008 Aug. 04 H13CO+, H13CN, HC15N Dual pol.
2008 Aug. 08 H13CO+, HC17O+, C2H Dual pol.
2008 Aug. 17 H13CO+, HC17O+, C2H Dual pol.
2008 Sep. 11 H13CO+, HC17O+, C2H Dual pol.
2008 Sep. 12 H13CO+, HC17O+, C2H Dual pol.
2008 Sep. 23 HCO+, HCN Dual pol.
2008 Oct. 07 H13CO+, HC17O+, C2H Dual pol. 0.52
2008 Oct. 08 H13CO+, HC17O+, C2H Dual pol.
2008 Oct. 18 H13CO+, HC17O+, C2H Dual pol.
2008 Oct. 20 H13CO+, H13CN, HC15N, H2S H2
34S
2008 Nov. 28 H13CO+, H13CN, HC15N, H2S H2
34S 0.61
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Table A.2: Observed transitions.
Line Rest freq. Redshifted Integrated Channel rms noise c α d Ncol e
(GHz) a freq. (GHz) b opacity (kms−1) (%) (1012 cm−2 km−1 s) (1012 cm−2)
HCO+ J=2–1 178.3750563 105.8819 – 0.75 1.99 –
H13CO+ J=2–1 173.5067003 102.9921 1.000(0.098) 0.29 2.00 2.0 (0.2)
HC18O+ J=2–1 170.3226261 101.1021 0.459(0.055) 0.63 2.02 0.9 (0.1)
HC17O+ J=2–1 174.1131691 103.3521 – 0.40 2.00 –
HCN J=2–1 177.2611112 105.2207 f – 0.83 3.39 –
H13CN J=2–1 172.6778512 102.5001 f 0.842(0.064) 0.42 3.41 2.9 (0.2)
HC15N J=2–1 172.1079570 102.1618 0.276(0.035) 0.41 3.43 0.9 (0.1)
CS J=3–2 146.9690287 87.2396 2.471(0.225) 0.44 17.6 44 (4.0)
C34S J=3–2 144.6171007 85.8435 0.302(0.047) 0.31 17.5 5.3 (0.8)
H2S JKaKc=110–101 168.762.7624 100.1762 1.691(0.157) 0.68 31.7 54 (5.0)
g
H2
34S JKaKc=110–101 167.9105160 99.6703 0.187(0.037) 0.73 31.6 5.9 (1.2)
g
C2H N=2–1 174.6915477 103.6954
f 6.45 (0.04) 0.32 52.1 340 (2)
(a) Rest frequencies are taken from the Cologne Database for Molecular Spectroscopy (Mu¨ller et al., 2001); (b) adopting z=0.68466, heliocentric frame (Wiklind & Combes,
1995); (c) % of total continuum level; (d) Coefficients for calculating column density from integrated opacity: Ncol = α ×
∫
τdv, assuming purely radiative excitation with
CMB photons, i.e., rotation temperature of 4.6 K; (e) Total column densities, calculated as explained in (d); (f) Weighted mean frequency of the hyperfine components; (g)
Total column density assuming an ortho/para ratio of 3.
1
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